We modeled the extended wings of the O VI 1032, 1038Å resonance lines and He II 1640Å emission line in the spectra of Z And, AG Dra and V1016 Cyg by the electron scattering process. By this way we determined the electron temperature and the electron optical depth of the layer of electrons, through which the line photons are transferred in the direction of the observer. We derived an empirical relationship between the emission measure of the symbiotic nebula and the electron optical depth. This relationship allows us to distinguish the flux contribution in the broad Hα wings, which is due to the electron scattering and that produced by the Hα transition in the moving hydrogen plasma. For example, subtracting the electron scattering contribution from the Hα line profile leads to a reduction in the mass-loss rate by approximately 15 %.
ELECTRON SCATTERING AND THE MODEL OF THE LINE PROFILE
The circumstellar environment in symbiotic stars consists of the neutral and ionized part (symbiotic nebula). Such environment is very favorable for observing the effect of the Rayleigh, Raman and Thomson scattering processes. Here we target the effects of Thomson scattering on the spectral lines, i.e. the scattering of the line photons on free electrons. The effect of this process is weak and wavelength independent, because of a very low and constant value of the Thomson scattering cross-section, σ T = 6.652 × 10 −25 cm −2 . Nevertheless, the densest portions of the symbiotic nebulae with electron concentrations of log(n e ) = (8-12) cm −2 , extending to a few AU, could be optically thick enough to produce a measurable effect of the Thomson scattering.
We noticed, that very broad and shallow wings of strong emission lines O VI 1032, 1038Å and He II 1640Å are present in some spectra of the symbiotic stars Z And, AG Dra and V1016 Cyg (see also Young et al. 2005) . We assumed the Thomson scattering to be the only process that creates the wings of these highly ionized lines. According to Castor et al. (1970) we considered the simplified model, where the line photons are transferred throughout the layer of free electrons in the direction to the observer, characterized by the electron temperature, T e and electron optical depth, τ e . For τ e < 1 the final emergent line profile can be approximated by
where x and x ′ is the frequency displacement after and before scattering, in units of Doppler widths, Φ (x) is the initial line profile before scattering, which we assumed to be single (He II) or sum of two Gaussians (O VI resonance lines) and R e is the redistribution function for isotropic Thomson scattering (see Mihalas 1970) . From the models of the line profiles we determined the electron temperature in the range 13 900-41 300 K and electron optical depth in the range 0.037-0.69. Skopal et al. (2009) showed that the electron optical depth, τ e , increases with the symbiotic star activity. It is a consequence of the enhanced stellar wind from the hot star during active phases, which is a source of additional particles, and thus free electrons into the symbiotic nebula. According to definition, the total electron optical depth can be expressed as
RELATION BETWEEN THE EMISSION MEASURE AND τ e
where R i and R N is the inner and the outer radii of the electron scattering layer, and n e is a mean electron concentration.
According to simplified ionization model of the symbiotic nebula (e.g., Nussbaumer & Vogel 1987) it is obvious that τ e is also a function of the orbital phase. Similar dependence is reflected by the so-called emission measure (EM) which is a function of concentrations of ions and electrons (n e ). We investigated a relationship between τ e and EM. Assuming that the nebular flux is dominated by hydrogen recombinations, we can write
where the ratio of protons and electrons was assumed to be n p /n e = 0.91 and V is the volume of the nebula. Approximating its shape by a sphere, i.e. V = substituting n e from Eq.(2) to Eq.(3), one can write the proportionality EM ∝ τ 2 e . To specify this relationship we determined τ e from the O VI 1032, 1038Å and He II 1640Å profiles and EM observed at different stages of activity for different objects. As the nebular radiation dominates the near-UV spectrum, we determined EM from the continuum flux, F N λ , in this region according to the relation,
where ϵ λ is total volume emission coefficient and d is the distance to the star. If possible, we used the flux from the low dispersion IUE spectra, otherwise we determined the flux from the U magnitude. The empirical relationship EM (τ e ) is shown in Figure 2 . The higher values of τ e for He II 1640Å line were estimated from observations during the outbursts of AG Dra in 1981 and 1994. Fitting the observed values of EM as a quadratic function of τ e , we obtained
where EM is in units of 10 60 cm −3 .
THOMSON SCATTERING CONTRIBUTION TO THE BROAD Hα WINGS
During the activity of the symbiotic stars we observe a variation in broadening of the Hα wings. Modeling the broad wings of the Hα profile, Skopal (2006) suggested a model, in which the dominant source of Hα emission is the ionized hydrogen around the hot star in a form of its fast wind. According to this model, we are able to determine the parameters of the wind such as the mass-loss rate of the hot star.
We suppose that Thomson scattering also takes a part in the formation of Hα line profile. By subtracting its contribution in the line wings, we could be able to estimate the mass-loss rate of the hot star more precisely. Here we demonstrate this case on the spectrum of AX Per taken during its recent active phase in 2007-2010 (see Skopal et al. 2011) . We assumed that the wind is completely ionized and optically thin in Hα wings for |RV | ≥ 200 km s −1 . We estimated EM from the luminosity of the Hα line,
where F (Hα) is the measured flux in the Hα line, d is the distance to the star and ϵ α is total emission volume coefficient in Hα. We used ϵ α (20 000 K) = 1.8 × 10
−25 erg cm 3 s −1 , which for F (Hα) = 1.6 × 10 −10 erg cm −2 s −1 and d = 1.73 kpc gives EM = 3.2 × 10 59 cm −3 and according to Eq. (5) yields τ e = 0.075. Then we reproduced a synthetic profile caused by the electron scattering (see Figure 2 right ). After subtracting this contribution from the broad wings, the corresponding massloss rate decreased by about of 15 % (Figure 2 ).
DISCUSION
The increase of τ e and EM during the active phases indicate the increase of the number of free electrons in the line of sight, due to the enhanced stellar wind from the hot star. The uncertainties in determination of the EM (τ e ) relationship are caused by several effects. Both EM and τ e are functions of the orbital phase that we did not take into account, and we also neglected the contribution of the enhanced stellar wind of the hot star in the wings of O VI 1032, 1038Å and He II 1640Å lines during the active phase, because they are created mainly in the densest parts of the nebula in close vicinity of the hot star. The determined τ e from He II 1640Å thus presents only the upper limit of its real value.
CONCLUSION
Thomson scattering is able to explain very broad and shallow wings of the strongest emission lines in the spectra of symbiotic stars. Its effect on the line profile depends on the symbiotic star activity. The empirical relationship EM (τ e ) allow us to estimate the contribution of Thomson scattering also to the lines, which are created within a more extended low density parts of the nebula. By removing the electron scattering contribution from the observed line profile, we can estimate more accurate value of the mass-loss rate from the hot star. Although the determined empirical relationship EM (τ e ) has only an illustrative character, the estimated reduction of the mass-loss rate of the hot star suggests, that Thomson scattering is not the dominant contributor to the broad Hα wings.
